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Many of today’s major engineering projects are highly complex. They may involve hundreds of
people doing thousands of activities to design and deliver a complex product, service, or system. The
elements in such projects—product components, process activities, and organizational units—interact,
often in surprising ways that cause the emergence of unanticipated behaviors. Although many project
managers and participants understand this complexity, the profession still does not have adequate
methods, models, and tools to manage complexity effectively. Lurking somewhere in the networks of
product component interactions, process information flows, and personal communications are a subset
of critical nodes and links that have major implications for project success. The trouble is, just which
subsets are critical, and exactly when they need to be addressed, is elusive without an appropriate
model to help visualize and analyze the situation.
Unfortunately, many of the most common models and views—such as Gantt (bar) charts, PERT
(flow) charts, and work breakdown structures—do not provide sufficient richness to deal with these
situations. Network models such as these often include only a minimal set of relationships among the
elements (e.g., one arrow in and one arrow out), just enough to connect everything. However, if one
actually asked those doing each activity what information they need to do their work (and do it right),
they will usually list more than one item from more than one supplier. And they usually produce more
than one result and send it to more than one place. Showing all this on a flowchart yields a mess of
“spaghetti and meatballs” with many crossing lines, and modelers and users are quickly overwhelmed.
So, there would seem to be a tradeoff between model richness and accuracy on one hand and model
simplicity and usability on the other. However, a modeling approach called the design structure matrix
(DSM) provides a way to get more of both of these capabilities, simplicity and completeness, at the
same time.
Especially in design projects, which require accomplishing a set of dependent activities, information
flow has critical implications. In manufacturing it is often impossible to do an activity without
completing all of its predecessors. For example, two components cannot be assembled when one is not
available. In engineering projects, however, most of the activities merely depend on information from
predecessor (upstream) activities. If this information is not actually available, or if it is available only in
preliminary or immature form, it is still possible to do the downstream activity based on assumptions
about its missing or uncertain data. However, proceeding based on assumptions increases risk, because
the finalized inputs, whenever they do arrive, could prove the assumptions invalid. Then the activity
would have to do additional work (called rework) to clean up the mess. Even worse, if any problems
with an activity’s outputs are not found soon, or if those outputs change much later (e.g., because of
rework), then this could cause a cascade of rework for other activities that had done their work based
on what they thought were valid results from the reworking activity. Hence, the opportunity to begin an
activity without all of its necessary inputs in place can afford advantages—in a macro sense it is what
concurrent engineering is all about, as the design of a product and its production system overlap—but
this degree of freedom is a double-edged sword, and it certainly makes managing a project more
challenging. Actually, the most detrimental sources of rework can be pinpointed and avoided—if an
effort is made to understand the information flow among project activities. Once again, the DSM
provides the key.
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What is the DSM? It is a square matrix where the cells along the diagonal represent the elements
comprising a system and the off-diagonal cells represent the relationships among those elements. For
example, the DSM on the left side of Figure 1 models eight elements, labeled A-H. The marks in the offdiagonal cells indicate a relationship directed from the element in column i to the element in row j.
Thus, looking at column i shows the destinations of outputs from element i, and looking at row j reveals
the sources of inputs to element j. For instance, element B provides outputs to elements D and E (as
shown by the marks in column B), and it receives inputs from elements D, F, and G (as shown by the
marks in row B). Hence, each diagonal cell can be both a provider and a receiver, and each off-diagonal
mark is both an output and an input. These relationships can also be seen in the equivalent node-link
diagram (or directed graph) shown on the right side of Figure 1. However, as the number of elements
and relationships increases, the node-link diagram becomes increasingly challenging to visualize and
understand. Meanwhile, note that the size of the DSM does not increase with the number of
relationships among elements.

Figure 1: DSM and node-link diagram (directed graph) views of a system comprised of eight elements labeled A-H
(images ©2012 MIT Press, used by permission).

DSMs come in two main types, static and temporal. Static DSMs represent systems where all of the
elements exist simultaneously and the model captures a snapshot of the system in time. Static DSMs
are often applied to product architectures, where all of the product’s components exist at once to
provide the system’s functionality, and organization architectures, where all of the organizational units
(e.g., people or teams) exist at once. Temporal DSMs add a time basis to depict systems where some of
the elements exist or occur before or after other elements. Temporal DSMs are often used to model
processes, where upstream activities occur before downstream ones.
DSMs have several advantages over alternative representations such as node-link diagrams and
flowcharts. One is conciseness and ease of visualization, particularly as the number of elements
increases. Another advantage is that a DSM lends itself to analyses that help reveal important patterns
of interactions among the elements. Static DSMs are often analyzed using a technique called clustering,
where the objective is to reorder the rows and columns of the DSM to assign elements to groups. These
clusters may determine modules or other structures at higher levels of the system hierarchy. Temporal
DSMs are often analyzed with an approach called sequencing, where an initial goal is often to minimize
the instances of feedback in the system (marks above the diagonal in the DSM). This minimization of
feedback marks in the DSM corresponds to sequencing the activities in a way that minimizes the number
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of assumptions they must make, thus lowering their risk of rework (with its cost and schedule
implications).
In the remainder of this article, we focus on two examples of temporal DSMs used to model process
architecture in product development projects. For further information on the DSM and these examples,
as well as 42 others from various industries and countries, see the recent book Design Structure Matrix
Methods and Applications by Steven D. Eppinger and Tyson R. Browning (MIT Press, 2012).

Example 1: Microprocessor Development Process at Intel
Figure 2 shows a DSM model of a product development process for a microprocessor at Intel. The
process is modeled at the level of 60 activities, and the names of the activities are given to the left of the
matrix. The rows and columns are numbered for easy cross-reference. “X” marks indicate planned
information flows among the activities.
Figure 2 (on p. 5): Microprocessor development process at Intel (image ©2012 MIT Press, used by permission)

This DSM has been sequenced to represent the normal ordering and grouping of activities as
executed by Intel. Many subsets of activities are connected in circuits of information flow, indicated in
the figure by the blocks outlined along the diagonal of the DSM. These groups of activities are called
interdependent or coupled, and their results must converge to a mutually satisfactory solution. This
convergence often requires one or more iterations, which are expected and planned (although some
uncertainty may exist about exactly how many iterations will be required and how long each will take).
One benefit of the DSM is in helping to identify and highlight situations involving coupled activities,
which require extra attention from project managers.
In addition to laying out the planned activities and information flow in the development process,
this DSM also captures some organizational knowledge about ways the process could deviate from the
ideal plan. Each of the “O” marks above the diagonal in the DSM represents a potential “failure mode”
of the process, a place where information generated downstream is fed back and used to confirm the
results of earlier work. If the earlier work is found to have flaws, then rework is generated. For
example, activity 43, “Complete Product Validation” (marked with the red line in the figure) could fail to
go as planned. If so, then one or more of five failure modes could trigger a return to one or more of five
upstream activities for rework, even as far back as activity 17. (And rework of activity 17 could cause a
cascade of rework throughout activities 17-28, which would again have to converge to a mutually
acceptable solution, as well as activities 29-42.) These process failure modes were recognized as major
drivers of project cost and schedule risk. Hence, the DSM can highlight potential rework loops that
increase project risks.
Figure 2 also shows a few marks towards the upper-right of the DSM labeled “generational
learning.” These marks represent less significant process failure modes that would be too expensive or
time-consuming to correct in the current project. They would require returning to the very first
activities in the process and making changes that might ripple through too much other completed work.
However, the organization wants to be sure it learns from these lessons in the next project, so it is
noting these channels explicitly so that the next project will be sure to look at the results of activities 40
and 48 from the last project. Thus, the DSM can also serve as a basis for knowledge management,
capturing an organization’s hard-earned experiences and lessons about both planned and unplanned
work and its results.

Example 2: Unmanned Aircraft Preliminary Design Process at Boeing
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A DSM can also provide a basis for a process simulation. The DSMs at the top of Figure 3 show the
14 activities in the preliminary design phase of an unmanned combat aerial vehicle (UCAV) at Boeing.
Instead of being a binary DSM, these numerical DSMs show the probability and impact, respectively, of a
change in an activity’s output. For example, the model shows a 20% chance of the output from activity
9 causing rework for activity 2 (row 2, column 9 in the left DSM), and, if this rework occurred, that 10%
of activity 2 would have to be redone (row 2, column 9 in the right DSM). To the right of both DSMs is a
table of duration, cost, and improvement curve (IC) information about each activity. The three cost and
duration estimates represent the optimistic, most likely, and pessimistic outcomes, which were used to
construct triangle distributions representing the probabilities of outcomes within these ranges. The IC
factor represents any set-up or learning curve type benefits that would accrue on the second or
subsequent workings of an activity. For example, building a simulation model might take a lot of work,
but rerunning it with new inputs might take a fraction of this effort. For instance, if activity 2 must be
completely reworked, this would require only 20% of its original time and cost. Some activities, such as
activity 6, will take the same amount of time to redo as they took initially.
These inputs were used to simulate part of the UCAV development process. The middle of Figure 3
shows a Gantt chart from one run of the simulation. Unlike the typical Gantt chart, it shows rework
appearing for activities 3, 4, 5, 8 and 9. This rework was not in the original plan, but it delays the project
and increases its cost. Other runs of the simulation showed other occurrences and amounts of rework.
Up to 1,400 runs were needed to achieve a stable distribution of cost and duration outcomes. These are
plotted at the bottom of Figure 3, which shows a contour plot of the outcome frequencies (indicated by
the shading). The deadline and budget are also shown, and project managers would like the outcomes
to occur in the lower left, before the deadline and within budget. However, the simulation statistics
indicate that 51% of the simulated outcomes exceed the budget and 67% miss the deadline.
This DSM model was also used to suggest some interesting process improvements and managerial
options. For example, the top of Figure 4 shows a resequenced DSM with activity 13 moved upstream in
the process. According to the Gantt chart in Figure 3, activity 13 is a rather long job on the critical path.
By starting it earlier, based on additional assumptions, much of this work was able to be done off of the
critical path. When the final information did arrive, it was likely to create critical path rework for activity
13. However, because the impact of this rework was light, and because activity 13 has a favorable IC,
the rework took only a fraction of activity 13’s full time and cost. The right side of Figure 4 shows the
implications for the overall results. Although project cost increased slightly (increasing the portion of
simulated outcomes that exceed the budget to 61%), its duration is decreased substantially (now only
7% of simulated outcomes miss the deadline).
Figure 5 provides some further insight into the effects of iterative overlapping, where the second
activity in this figure represents activity 13 in the UCAV example. By starting activity 13 earlier, even
without all of its required inputs, the risk of rework is increased, but with beneficial implications for
project duration (at some minor added expense). The DSM simulation enables an analysis of all of these
situations at once with many more than two activities involved. Note that iterative overlapping
increases the number of feedback marks in the DSM, so it cannot be found using the basic DSM
sequencing analysis of minimizing feedback marks.
Note also that the improvement in process duration in this example was achieved without any
changes to the durations of individual activities. Whereas many process improvement approaches such
as lean and six sigma often focus on improving individual activities (e.g., seeking to remove non-valueadding activities), taking a system view of the overall process can enable one to find leverage through
changes to the process architecture—i.e., how activities relate to each other and work together based
on the information they generate and use.
The DSM is ideal for exploring product, process, and organization architectures. Improved
understanding of these can be a major key to innovative breakthroughs and competitive advantages.
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Figure 3: Data and initial simulation results for UAV preliminary design process (images ©2012 MIT Press, used by
permission)
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Figure 4: Alternative process with activity 13 moved upstream (images ©2012 MIT Press, used by permission)

Figure 5: Illustration of iterative overlapping (images ©2012 MIT Press, used by permission)
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